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SURSRUWLRQ LV YHU\ LPSRUWDQW IRUPDQ\ RI WKH WHUUHVWULDO HFRV\VWHPV LQFOXGLQJ KXPDQV 7KH TXDOLW\ RI WKLV IUHVK













RI ROLYH RLO PLOO ZDVWHZDWHU DUH HTXLYDOHQW WR WKH ZDVWH SURGXFHG E\  FLWL]HQV 7KH PLFURELDO FRQWHQW RI
20::LVYDULDEOHDQGFRQWDLQVDKLJKQXPEHURIEDFWHULD DQG IXQJL$PRQJ WKHEDFWHULDO VWUDLQV LGHQWLILHGDUH
VHYHUDO VSHFLHV RI Acinetobacter Pseudomonas DQG Enterobacter 7KH SDWKRJHQLF Klebsiella pneumoniae VV
pneumoniaHKDVDOVREHHQLVRODWHGIURPXQWUHDWHGDQGWUHDWHG20::>@
7KH:DWHU)UDPHZRUN'LUHFWLYH :)' LVD IUDPHZRUNIRUD(XURSHDQHQYLURQPHQWDO OHJLVODWLRQZKLFKDLPV WR
KDUPRQL]H H[LVWLQJ(XURSHDQZDWHU SROLFLHV DQG WR LPSURYHZDWHU TXDOLW\ LQ DOO DTXDWLF HQYLURQPHQWVZLWKLQ WKH
FRPPXQLW\DUHD,WHPSKDVL]HVWKHQHHGRIQHZLQWHJUDWHGDSSURDFKUHVXOWLQJLQWKHSURWHFWLRQDQGLPSURYHPHQWRI
WKH VXVWDLQDEOHXVHRI DOOZDWHUV >@7KLV'LUHFWLYH :)'(&RI WKH(XURSHDQ3DUOLDPHQW DQGRI WKH
&RXQFLO IRUPXODWHV WKHEDVLV IRU D FRPPRQZDWHUSROLF\ IUDPHZRUN LQLWLDOO\RULJLQDWHG IURPRWKHUZDWHUUHODWHG
(XURSHDQ'LUHFWLYHVLH1LWUDWHV'LUHFWLYH%DWKLQJ:DWHU4XDOLW\'LUHFWLYH
,QWHJUDWHG5LYHU%DVLQ0DQDJHPHQW3ODQV5%03LVUHTXLUHGE\WKH'LUHFWLYHDWQDWLRQDODQGUHJLRQDOORFDOVFDOH
7KH PDLQ REMHFWLYHV RI WKH 5%03 LQFOXGH WKH SUHYHQWLRQ RI IXUWKHU GHWHULRUDWLRQ RI ZDWHU UHVRXUFHV DQG WKH
SURPRWLRQ RI VXVWDLQDEOHZDWHU XVH WKDW HQVXUHV WKH SURJUHVVLYH UHGXFWLRQ RI SROOXWLRQ $Q LQWHJUDWHG FDWFKPHQW
PDQDJHPHQWDSSURDFKXQGHUSLQVDULVNEDVHGODQGPDQDJHPHQWIUDPHZRUNWRDOODFWLYLWLHVZLWKLQDVSDWLDOODQGXVH
SODQQLQJIUDPHZRUN+RZHYHUWKHUHLVQRVWDQGDUGL]HGPHWKRGWRDVVHVVWKHULVNRIZDWHUSROOXWLRQIURP20:IRU
DQ\JLYHQ ULYHUEDVLQ7R WKLV HQG D ULVNDVVHVVPHQWPHWKRGRORJ\ LV UHTXLUHG IRUSRLQW VRXUFHZDWHUSROOXWLRQ LQ
RUGHU WRDFKLHYHHIIHFWLYHDQGVXVWDLQDEOHPDQDJHPHQWRIZDWHUUHVRXUFHV5LVNDVVHVVPHQWDQGPDQDJHPHQW LVD
XVHIXOWRROWKDWVXSSRUWVLQIRUPHGFRQVLVWHQWDQGGHIHQVLEOHGHFLVLRQPDNLQJ>@
5LVN DVVHVVPHQW SURFHVV QHHGV WR SURFHHG IURP ZHOOGHYHORSHG IUDPHZRUNV WR DGGUHVV GLIIHUHQW DVSHFWV RI
HQYLURQPHQWDOSUREOHPVDQGHOHPHQWVDQGWRUHFRJQL]HWKHOLQNDJHVEHWZHHQWKHP+RZHYHUWKHDQDO\VLVRIWKHVH
OLQNDJHVUHTXLUHVGHYHORSPHQWRIPRGHOLQJV\VWHPV ,Q WKLVFRQWH[W UHVHDUFKHUVDQGSROLF\PDNHUVUHO\PRUHDQG
PRUHRQWKHXVHRIFRPSXWHUPRGHOVWRXQGHUVWDQGDQGFRSHZLWKVXFKSUREOHPV>@
7KHVHPRGHOVSOD\DODUJHUROHLQPDQDJLQJDQGPDNLQJGHFLVLRQVDERXWZDWHUUHVRXUFHV7KH\SURYLGHLQVLJKWLQWR
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0DWHULDOVDQG0HWKRGV




D GU\ DQGZDUP VXPPHU 7KHZHDWKHU GXULQJ WKHZLQWHU ZKLFK VWDUWV LQ 1RYHPEHU LV XQVWDEOH EHFDXVH RI WKH
IUHTXHQWFKDQJHVIURPORZWRKLJKSUHVVXUHV>@7KHDQQXDOUDLQIDOOIRU WKHVWXG\DUHDKDVEHHQHVWLPDWHGWREH
PP>@$FFRUGLQJWR>@DERXWRIWKHDQQXDOSUHFLSLWDWLRQLVORVWWRHYDSRWUDQVSLUDWLRQDVUXQRIIWR








DYDLODELOLW\RI WKHZDWHU UHVRXUFHV7KHJURZLQJZDWHUGHPDQGVPDNH WKHZDWHU UHVRXUFHVPDQDJHPHQWH[WUHPHO\
LPSRUWDQW IRU VXVWDLQDEOH GHYHORSPHQW LQ WKLV UHJLRQ > @ 7KXV HQVXULQJ WKDW DYDLODEOH VXUIDFH ZDWHU LV QRW
FRQWDPLQDWHG LVDSULRULW\DQG UHTXLUHGE\ WKH:)'IRU LQWHJUDWHG5LYHU%DVLQ0DQDJHPHQW3ODQV 5%037KH
ZDWHUVKHGRI.HULWLVLVPDLQO\DQDJULFXOWXUDODUHDZKHUHWKHPRVWFRPPRQFXOWLYDWLRQVDUHROLYHWUHHVFLWUXVWUHHV
YLQH\DUGV DQG YHJHWDEOHV 7KH DUHD KDV DOVR OLJKW LQGXVWULDO DFWLYLWLHV VXFK DV ROLYH PLOOV ZLQHULHV DQG RWKHU
DJULFXOWXUDOIDFWRULHV,QWKHFRDVWDO]RQHRI.HULWLVZDWHUVKHGWKHUHDUHPDQ\WRXULVWLFXQLWV>@6L[ROLYHPLOOVDUH
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RSHUDWLQJLQWKHDUHD7KHVHPLOOVJDWKHUWKHLUSURGXFHGZDVWHZDWHULQILYHODJRRQV$OOWKHODJRRQVDUHYHU\FORVHWR
WKHVWUHDPQHWZRUNRI WKHEDVLQ)RUWXQDWHO\ LWKDVEHHQIRXQG WKDWQRQHRI WKHPLOOVKDVDSRVVLEOHIORZSDWK WR
$JLD/DNH+RZHYHU WKHSRVVLEOH IORZSDWKVZHUHDOOGLUHFWHG WR.HULWLV6WUHDPZKLFK LV WKHUHIRUH WKH VXUIDFH
ZDWHU ERG\ FRQVLGHUHG E\ WKH DQDO\VLV EHORZ 2Q WKH )LJ RYHUOHDI VKRZV WKH ORFDWLRQ RI WKH ROLYH PLOOV DQG
ODJRRQVLQUHODWLRQWRWKHZDWHUERGLHVLQ.HULWLVZDWHUVKHG

2.2. Soil Sampling  




2.3. Multi Criteria Analysis (MCA) 
6HYHUDOFULWHULDKDYHEHHQGHYHORSHGDQGHYDOXDWHGXVLQJ0XOWL&ULWHULD$QDO\VLVLQRUGHUWRTXDQWLI\WKHULVNRIWKH
SROOXWLRQFDXVHGE\20::DQG WUDQVPLWWHG WRKXPDQVDQG1$785$VLWHVYLD VXUIDFHZDWHUERGLHV7KLV
DQDO\VLVKDVWKHIROORZLQJVWHSVRI0HQGR]DHWDO

2.3.1. Development of risk evaluation criteria 
(YDOXDWLRQRI WKH ULVN FDQEH DFKLHYHG E\ EUHDNLQJ LW GRZQ LQWR LWV SULPDU\ FRPSRQHQWV7KHVH FRPSRQHQWV DUH











+DYLQJ IXOO\ XQGHUVWRRG WKH ULVN JHQHUDWLQJ SURFHVV DQG WKH FRQWUROOLQJ IDFWRUV DV ZHOO DV WKH FKDUDFWHULVWLFV RI







2.3.2. Standardization of criterion values; 


























2.3.3. Assignment of criterion weights 
,QGLYLGXDOIDFWRUVDUHZHLJKWHGWRUHIOHFW WKHLUUHODWLYHLPSRUWDQFHZLWKUHVSHFW WR WKHULVN+HQFHIDFWRUV WKDWDUH
GHHPHGPRUHVLJQLILFDQWLQGLFDWRUVRIULVNIRUDJLYHQVXEFDWFKPHQWFDQEHDVVLJQHGKLJKHUZHLJKWVWKHUHE\JLYLQJ
























2.3.4. Applying an aggregation rule. 
,QWKLVVWHSVWDQGDUGL]HGFULWHULRQVFRUHVDUHFRPELQHGXVLQJDQDJJUHJDWLRQUXOH$JJUHJDWLRQUXOHLVWKHSURFHGXUH
E\ZKLFKFULWHULDDUHVHOHFWHGDQGFRPELQHGWRDUULYHDWDSDUWLFXODUHYDOXDWLRQRIWKHULVN0XOWL&ULWHULD(YDOXDWLRQ
0&( FDQ EH DFKLHYHG E\ ZHLJKWHG OLQHDU FRPELQDWLRQ :/& SURFHGXUH ZKHUHLQ VWDQGDUGL]HG FULWHULD DUH
FRPELQHGE\PHDQRIDZHLJKWHGDYHUDJH>@7KXVWKHHTXDWLRQE\ZKLFKWKHFULWHULDDUHFRPELQHGLV















UHFHLYLQJ VWUHDPV 7DEOH)LYHGLIIHUHQW VDPSOH ORFDWLRQV LQ WRWDO DUH VKRZQ LQ)LJXUH+RZHYHU WKHUHZHUH
VRPHFDVHVZKHUHWKHVDPSOHVZHUHFROOHFWHGIURPORFDWLRQVIXUWKHUDORQJRIWKHVHMRLQLQJSRLQWVGXHWRGLIILFXOWLHV
LQWKHDFFHVVLELOLW\WRWKHVHSRLQWV7KLVVDPSOLQJVWUDWHJ\ZDVGHVLJQHGLQRUGHUWKHFKHPLFDOWHVWVWRVKRZWKHZRUVW
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